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osting by EAbstract The present work utilizes the aeromagnetic data supported by geology and remote sens-
ing satellite data, to delineate surface and subsurface structural elements in north Gebel El Shallul
area. Geologically, the area is covered by Precambrian basement rocks to the East (metasediments,
metavolcanics, Hammamat sediments and younger granites) and Phanerozoic sediments to the
West (Nubian Sandstones and Qouseir clastics).
The Landsat image of the area gave additional detailed litholgic information which is very useful
in identifying and discriminating the different lithologic rocks exposed in the area. Analysis of the
structural lineaments of the Landsat image and the compiled geological map show that most of the
well-developed structural lineaments have NW, NNW and ENE trends.
The aeromagnetic data were analyzed and processed by several advanced techniques; reduction to
the pole, regional-residual separation, second vertical derivative (SVD), analytical signal, Euler
deconvolution and shadowgrams. The application of local power spectrum on the reduced to North
Pole (RTP) aeromagnetic data indicated that the average depths to the near–surface and deep-
seated causative magnetic bodies were found to attain 0.5 and 1.8 km, respectively. Therefore,
the ﬁltering of the aeromagnetic data at the two assigned interfaces was conducted to assist the dis-
crimination of the residual (near-surface) and regional (deep–seated) magnetic anomalies. The pre-
pared aeromagnetic maps have been interpreted qualitatively and quantitatively to deduce the
structural elements which were used to construct a basement tectonic map for the area. The used
analysis techniques helped to reveal many structural elements such as faults of different orders,
uplifted blocks (antiforms or horsts) and subsided blocks (basins or synforms). It has been foundm (A.A. Khameis).
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Figure 1 Location map of nort
54 A.A. Khameis, A.A. Nigmthat the NNW pronounced linear magnetic anomalies, normally and reversely magnetized, are asso-
ciated with deep-seated diabasic dykes.
The interpretation of the basement tectonic map of the area indicated the presence of a set of
unexposed subsurface basic dykes running generally in NNW–SSE direction controlling the courses
of major wadis in the study area. This set of NNW–SSE basic dykes are dissected by a NE–SW fault
system. These two sets of fault systems were found to be matched well with that obtained from the
Landsat image and geological map. It was found that the pronounced NNW direction is a predom-
inant structural trend controlling the structural framework of the area.
 2010 National Authority for Remote Sensing and Space Sciences.
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North Gebel El Shallul area is a part of the central Eastern
Desert of Egypt. It is squared in outline and covers an area
of about 1600 km2. It is enclosed between latitudes 25340
and 25550N, and longitudes 33200 and 33450E (Fig. 1). The
topography of the area is not highly rugged and is formed of
a moderate hilly country that rises gradually in altitude east-
wards. The geomorphology is closely connected with the geo-
logical structure and lithology of the rocks. The trends of most
wadis are generally controlled by structural trends and the type
of rocks.
The main purpose of this work is to map the surface and
subsurface structural framework that might control the miner-
alizaton in north Gebel El Shallul area by using the integration
between the aeromagnetic and satellite remote sensing data
with the available geologic data.
2. Geological background
The eastern part of Gebel El Shallul area is covered by Pre-
cambrian basement rocks (metasediments, metavolcanics,
Hammamt sediments and younger granites) and overlain by
Phanerozoic sediments to the west (Nubian Sandstones and
Qouseir clastics). Fig. 2 is a simpliﬁed geological map, scale
1:100.000 compiled from the works of Fouad (1972), Francish Gebel El Shallul area.et al. (1971), Sabet et al. (1976a, b) and Geological Survey of
Egypt (1992). Hereafter, a brief description of the rock units
in the area arranged from oldest.
Metasediments are formed of metasiltstone, metamudstone,
metagreywacke, metaconglomerate and schists. According to
Abu El Leil et al. (1977), they are exposed either in the cores
of anticlinal structures or within the uplifted tectonic blocks.
Metavolcanics are limited in their distribution in the area.
Two varieties could be distinguished; the intermediate and
the acidic metavolcanics (Abu El Leil et al., 1977). Intermedi-
ate metavolcanics are represented by small elongated mass
contacted with the Hammamat sediments in the northeastern
corner of the area (Fig. 3). Acidic metavolcanics are repre-
sented by scattered outcrops in the eastern portion of the area
around Wadi Zeidun and Wadi El Qash.
The Hammamat sediments are widely distributed in the
area forming large isolated exposures (basins) intruded by
younger granite masses. They are outcropped in Wadis At-
shan, Keb Ahmed, El Qash and Zeidun (Assaf et al., 1973;
Francis et al., 1971; Osman et al., 1996). El Shazly et al.
(1977) stated that these sediments are preserved only in
down-faulted blocks or in the topographic lows. The sediments
in these basins were considered by Akaad (1957) and Akaad
and Noweir (1980) as one of the three largest exposures of
the Hammamat Group in the Eastern Desert.
There are three types of younger granites that could be rec-
ognized in the geological map of the area (Sabet et al., 1961).
The Medium grained biotite and biotite-hornblende granite
type of younger granites are mainly exposed as small, low iso-
lated bosses in the plain of Wadi Maaser, southeast of the area
(Fig. 2). Osman et al. (1996) described this type of granites as
grey granodiorite, tonalite and subordinate grey granite. He
thinks that this complex is the roof of a large batholith in
the subsurface.
The coarse-grained biotite granites form the large granite
mass of Gebel El Shallul, and they make up a number of small
stock-shaped masses scattered throughout the investigated
area. Structurally, these granites are conﬁned to both blocks
and zones of deep faults. The masses are arranged NW–SE
parallel to the zone of deep fault Hammama-Um Naggat out-
side the area (Abu El Leil et al., 1977).
The porphyritic leucocratic microgranites form an irregular
small mass restricted to south of Wadi Zeidun near the eastern
border of the area. Another dyke-like dissected body, trending
nearly ENE cut the Hammamat sediments north of Wadi El
Qash. They are exposed as lenticular bodies conﬁned to faults
which had apparently appeared during the period of general
uplift of the area following the formation of the First Gattar-
ian Phase (Francis et al., 1971).
Figure 2 Compiled geologic map of north Gebel El Shallul area, Central Eastern Desert, Egypt.
Figure 3 False colour composite Landsat image of north Gebel
El Shallul area., Central Eastern Desert, Egypt.
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the area (Fig. 2). It is formed of coarse to ﬁne-grained sand-
stones, clayey sandstones, sandy clays and claystone which
are very poor in fossils (Zalata and Razvaliaev, 1977). Qouseir
Clastics Formation is composed of ﬁne-grained variegated shale
with minor bioclastic limestone and phosphate beds of shallow
marine origin. They occupy the western borders around Wadi
El Qash, Wadi Zeidun and Wadi Abu Wassil (Fig. 2). Topo-
graphically, they form intensively dissected sedimentary pla-
teaus with irregular boundaries, sometimes elongated in
different directions. Meanwhile, it forms large elongated hillsin the southern area of Wadi Zeidun, separated by the different
tributaries of Wadi Zeidun and Wadi Abu Wassil.
Quaternary sediments (wadi alluvium) are composed of
loose sediments, which depends fully on the surrounding rocks.
The gradual broadness of the wadis in the area increases west-
wards and southeastwards. The sediments ﬁlling the wadis in-
clude sands, pebbles and rare boulders as a result of the
weathering and denudation processes for the surrounding hills.
According to Francis et al. (1971) the rock formations in the
study area are included within a great synclinorium structure
trending roughly in a NW direction. The distribution of the dif-
ferent rock types in the area is deformed by fracture lines which
cross the area in various trends. Osman et al. (1996) grouped
these fractures into two groups; older ‘‘transverse’’ group which
traverses the area in E–W, WNW, and ENE directions, and a
relatively younger ‘‘longitudinal’’ group which includes all the
faults that have NE, NNE, NNW and N–S trends.
The oldest dislocations recorded by Abu El Leil et al.
(1977) are the Late Proterozoic deep-seated faults separating
large consolidated blocks. They form thick and long zones
which are used to be highly magma conducting. Accordingly
he divided the investigated area tectonically, into three major
consolidated blocks separated from each other by deep-seated
faults. While faulting is a major brittle feature in the study
area, folding represents an important ductile deformation
where a variety of folds are observed.3. Remote sensing data analysis
Landsat Thematic Mapper (TM) data for Gebel El Shallul
area were processed for geological and structural mapping
using the ENVI Version 3.4. A single Landsat TM scene (Path
174 / 42) has been geometrically corrected, radiometrically bal-
anced and digitally processed.
The aim of applying the advanced technique of image pro-
cessing in this work is to help in the geologic and structural
interpretations of the study area.
56 A.A. Khameis, A.A. Nigm3.1. Lithological characterization
Lithological formation was identiﬁed from Landsat TM image
(Fig. 3) along with the geological map based on analysis of the
visual interpretation of colour composites. On the basis of to-
nal and textural difference, morphology and structure, the sep-
aration of the crystalline basement complex has been inferred.
The major lithological units identiﬁed are metasediments,
metavolcanics, Hammamt sediments and granites.
The interpretation of the coloured fused image gave more
detailed litholgic information which is very useful in identify-
ing and discriminating the different lithologic rock units ex-
posed in the area. The detailed visual characteristics of each
rock unit that appear on the prepared fused image are dis-
cussed in the following.
Metasediments appear on the processed Landsat TM image
in dusty plum colours. Metavolcanics are characterized byFigure 4 structural lineaments as identiﬁed from the analysis
and interpretation of Landsat TM data.
Figure 5 Rose diagrams of the structural lineamtheir low reﬂectivity (low DN values) to the electromagnetic
spectrum due to their high contents of maﬁcs and iron-rich
minerals. Acidic metavolcanics appear on Landsat TM image
in red brown. Intermediate metavolcanics appear as dusty rose
colour. Hammamat sediments have an ocean to moss green
colour. Granites appear on Landsat image as reddish gray col-
our while porphyritic microgranite has reddish gray colour.
Nubian Sandstones has soft pink colour. Qouseir Clastics ap-
pears as red brown colour. Quaternary sediments are well rec-
ognized on the image by their pale brown colour.
3.2. Lineaments interpretation
The term lineament is used in the present context for linear
fractures on the landsat scene. They may represent joints,
faults, dykes, stream alignments, litho-structural boundaries
and valleys. They can be due to the linear structures on the sur-
face as well as those which extend deep into the crust. Linea-
ments of greatest interest caused faults and crush-zones that
have signiﬁcant depth.
Fig. 4 shows the extracted lineaments in Gebel El shallul
area, from the interpretation of Landsat TM image. It was no-
ticed, from the visual inspection of the extracted lineaments
and their correlation with geologic map, that the lineaments
are indicated on the landsat images by rock-tonal or topo-
graphic alignments. They may be the surface expression of
fractures, faults or escarpments. Fig. 4 shows both lineaments
(>10 km) in blue colour and macrolineaments (<10 km) in
red colour. They represent the wadis and their branches in
most cases. The most prominent lineaments are the NNW–
SSE trending wadis and the lithological contacts between base-
ment and sedimentary rocks.
The statistical analysis of the extracted structural linea-
ments allowed constructing the rose digrams presented in
Fig. 5. Lineaments and macrolineaments are oriented mostly
in NNW, NW, WNW, NNE, E–W, ENE and NE. The well-
developed structural lineaments have NW and NNE trends.
4. Geophysical survey
The study area has been included in the systematic airborne
magnetic and spectrometric survey conducted by Aero-service
Division, Western Geophysical Company of America in 1984.ents (a) macrolineaments and lineaments (b).
Figure 6 Total magnetic intensity map, reduced to the north
magnetic pole.
Figure 7 A typical energy power s
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SW direction at one Kilometer line spacing of 120 m ground
clearance. The magnetic survey was carried out using a Varian
‘‘V-85’’ high-sensitivity (0.1 nT) airborne magnetometer with
the proton free-precession sensor mounted on a tail stinger
conﬁguration of a twin engine Cessna Titan, 404 aircraft.
The tie lines were ﬂown in a NW–SE direction at 10 km inter-
vals (Aero-Service, 1984a, b).
4.1. Processing of aeromagnetic data
Processing of the available aeromagnetic data was carried out
using Geosoft mapping and processing system (Geosoft Inc.,
1999). The potential ﬁeld data were transformed to the
wave-number domain. Reduction to the north magnetic pole
was performed at the ﬁrst stage of processing of aeromagnetic
data (Fig. 6). It reduces the anomalies to those that would be
observed at the magnetic north pole with a vertical remanent
magnetization direction.
The second step is to isolate the total ﬁeld using the band-
pass ﬁlter conducted for the RTP into deep regional and shal-
low residual components. Therefore, the azimuthally averaged
logarithmic power spectra were computed (Fig. 7). The log
spectrum shows two segments representing the regional and
residual components, where spectral slope technique waspectrum curve of the RTP data.
Figure 8 Residual component of RTP map.
Figure 9 Regional component of RTP map.
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anomalies which reﬂect the near-surface structures at about
500m depth, while the regional map (Fig. 9) reﬂects the broad
anomalies related to the deep-seated changes in the structures
of the basement rocks at about 1.8 km.
The second vertical derivative technique was applied since it
is a useful technique for enhancing smaller scale features of a
data set, and anomalies caused by shallow bodies, and direc-
tional derivatives for enhancing or suppressing features in a gi-
ven direction.
Another useful interpretational tool is the analytic signal (it
produces a particular type of calculated magnetic anomalyenhancement map used for deﬁning in a map sense the edges
‘‘boundaries’’ of geologically anomalous magnetization distri-
butions), which is deﬁned as
Aðx; yÞ ¼ @DT
@x
iþ @DT
@y
jþ i @DT
@z
k ð1Þ
where i, j and k are unit vectors in the x-, y- and z-directions,
respectively. The amplitude of the analytic signal is expressed
as:
Aðx; yÞj j2 ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
@DT
@x
 2
þ @DT
@y
 2
þ @DT
@z
 2s
ð2Þ
This amplitude is most often used for interpretation. It has
maxima at magnetization contrasts, independent of the direc-
tion of the ambient magnetic ﬁeld or the direction of magneti-
zation, offering a method for locating the edges of magnetized
bodies. If the edges are assumed vertical, it can be used to
determine depth to sources. Automatic methods for ﬁnding
the positions of maxima of quantities such as the analytic sig-
nal are given by Blakely and Simpson (1986). Other boundary
edge ﬁnding methods include the terracing operator of Cordell
and McCafferty (1989).
Euler deconvolution method is a proﬁle-based or map-
based depth estimation method based on the concept that
the magnetic ﬁelds of localized structures are homogeneous
functions (Reid et al., 1990) of the source coordinates and
therefore satisfy Euler’s equation
ðx x0Þ@DT=@xþ ðy y0ÞDT=@yþ ðz z0ÞDT=@z ¼ siDT
ð3Þ
where (x,y,z) is the position at which the total ﬁeld anomaly is
DT, arising from a source at position (x0,y0,z0). si is the ‘struc-
ture index’ (SI) of the source geometry (Thompson, 1982). An
SI of 3 corresponds to a point source (dipole), 2 is appropriate
for extended line sources, such as pipes and cylinders, a value
of 1 for a step, thin dyke or sill edge, and values of 0.5 and 0
have been chosen for faults and other contacts (Reid et al.,
1990).
4.2. Interpretation and discussion
The interpretation of the magnetic maps is based on a fact
that, the intensity and size of the associated magnetic anoma-
lies depend upon the depth, thickness and size of the causative
magnetic bodies. The basic and ultrabasic intrusives are asso-
ciated with intense positive magnetic anomalies, while, acidic
intrusives as granites and granodiorites are associated with rel-
atively negative anomalies.
The reduced map to the northern pole (Fig. 6) demonstrates
a wide variety of magnetic anomalies that vary in size and
magnitude. The careful examination of this map shows that
the central region of the area is characterized by high magnetic
gradient striking nearly in the NW direction. Then, the gradi-
ent decreases gently especially towards the north, west and
south directions. The northeastern corners of the area as well
as the southern parts are characterized by low magnetic anom-
alies with different amplitudes reﬂecting the presence of local
basins or acidic rock composition. Geological evidences sup-
ported this conclusion as these parts are geologically mapped
as Hammamat sediments which are large isolated basins. El
Figure 11 Analytic Signal map.
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only in down-faulted blocks or in the topographic lows. The
southern central region is agreed geologically with younger
granites of El-Shallul pluton which has acidic composition.
Southwestwards, the magnetic lows coincides the Qouseir clas-
tics and may represents small basin or topographic low.
The map also, shows the presence of NNW–SSE tholeiitic
dyke system of normally (positive) and reversely (negative)
polarization. The characteristic linear magnetic anomalies,
normally and reversely magnetized, are associated with deep-
seated diabasic dykes (Lockwood, 1968). These tholeiitic dykes
have the oceanic basalt composition and are linked to deep-
seated tectonic structures associated with the rift development
of the Red Sea.
The most conspicuous NNW linear feature is well observed
on the residual component RTP magnetic map (Fig. 8) which
demonstrates the high frequency anomalies originating from
sources at shallow depths. The careful investigation of this
map refers to shallow to intermediate set of dykes cutting
the Hammamat sediments as low frequency positive and nor-
mally polarized basic dykes, while, the younger granites and
the Foreland sediments are intruded by a set of negative rever-
sely polarized diabasic dykes representing another phase of
volcanic intrusions in the area of study. All of these dykes
are observed as displaced in some parts with younger tectonic
movements. The eastern set of basic dykes is bounded by
small, elongated, low anomalies which refer to small separated
basins inside the Hammamt sediments.
Visual inspection of the regional (deep-seated) components
map (Fig. 9) indicated that the most dominant trends in the
study area are the NNW–SW and the NW directions, which
are related to the main trend of the Gulf of Suez. The second
dominant trend is found to be in the NE–SW direction. The
regional tectonic framework of the area was established using
integration of all the results of interpretation of the aeromag-
netic analyses. The interpretation of the aeromagnetic data re-
veals the presence of NNW–SE basic dykes running through
the main wadis for many kilometers along the contacts ofFigure 10 SVD of Regional component of RTP map.metasediments, metavolcanics, Hammamt sediments and gran-
ites. These NNW faults are injected with two phases of basic
dykes, one of them is normal (positive) and the other is reverse
(negative), it is also injected with acidic and silica dykes.
The second vertical derivative (SVD) map for regional com-
ponent of RTP (Fig. 10) was carried out. It succeeded to delin-
eate the contacts of lithologies with contrasting magnetization.
It has negative (downthrown) parts and positive (upthrown)
parts. The zero line succeeded also to delineate carefully
faulted structures.Figure 12 Euler solution of contacts, superimposed with SVD of
regional map.
Figure 13 Euler solution of Dykes, superimposed with SVD of
residual map.
Figure 14 Shadowgrams of RTP map.
Figure 15 Shadowgrams of regional map.
60 A.A. Khameis, A.A. NigmThe analytic signal map (Fig. 11) of RTP aeromagnetic
data delineates the main magnetic sources in the study area.
The signals exhibit maxima over magnetic contacts, indepen-
dent of the ambient magnetic ﬁeld and source magnetization
directions. Locations of these maxima, thus, determine the
outlines (contacts) of magnetic sources. Therefore, this map
marks the edges of magnetized bodies. It illustrates that the
analytic signal peaks (i.e. sources) within the study area indic-
ative of the types of the localized magnetic bodies. It wasfound from the analytical signal map that the maximum sig-
nals represent the highest magnetic anomalies within the study
area. The trends of maxima align themselves mainly in the
NNW–SE directions.
Application of 3D Euler deconvolution technique can help
in the determination of the position, depth and nature of many
of the magnetic sources present. It depends on the pre-selected
structural index (SI), which identiﬁes the rate of change of the
potential ﬁeld with distance. Two structural indices have been
used; 0 and 1, which characterize contacts and dykes, respec-
tively. Figs. 12 and 13 show the contact and dyke models,
respectively, through the application of Euler deconvolution
technique with different symbols proportional to depth at
the source positions.
The two maps show clearly the pronounced NNW direction
as a predominant structural trend controlling the structural
framework of the area. The symbols and clusters align them-
selves in a linear pattern on this trend for the two selected
structural indices of both contacts and dykes. Besides, another
symbols and clusters with different trends could be traced espe-
cially in Fig. 12 indicating the nature of probable contacts be-
tween various rock units and distinguishing the low and high
(downfaulted and uplifted) blocks. The map provides evi-
dences that the NE direction has an important role in the
structural framework of the area besides the NNW direction.
The relatively random arrangement of the pattern symbols
which are observed on the central southern region of the area
may reﬂect the complexity of the geology in this region which
is characterized by the occurrence of Nubian Sandstone,
metasediments and younger granite.
Generation of shadowgrams for the RTP and regional mag-
netic maps (Figs. 14 and 15) reveal variations in the dominant
anomaly wavelengths and trends between regions. This proce-
dure treats a potential-ﬁeld map as a relief, and computes the
shadow pattern that would be created if this relief was illumi-
nated by the sun from a user-speciﬁed angle. Subtle, local and
short-wavelength anomalies are emphasized. Side-lighting
Figure 16 Basement tectonic map of the area.
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lighting enhances anomalies non-parallel to the ‘‘sun’’ azi-
muth, and many shadowgrams with various sun angles were
needed to reveal variously oriented anomalies.
The aeromagnetic maps were integrated to construct a
basement tectonic map (Fig. 16) to help in understanding the
structural framework of the area. The magnetic signatures of
the different maps show several alternative high and low mag-
netic zones. The low zones are supposed to represent structural
lows (down-faulted blocks, grabens, synclines or basins), while
the high zones are supposed to represent structural highs (up-
lifted blocks, horsts, domes or anticlines). It was noticed from
the inspection of the map that the uplifted blocks are trending
mainly in the NNW and NW directions. These blocks seem to
cut along the subsided blocks of the local basins through major
faults acting as pathways for intruding basic materials to form
the basic dykes which are the source of high magnetization.
However, these blocks and faults take the NNW to NW direc-
tions, they are dissected with another sets of faults trending to
the NE and E–W directions.
It is evident from these results that, the outlined interpreted
magnetic structural lineaments at the near-surface level are still
highly recognized at the deep–seated one. Consequently, it can
be stated that most of the observed structures of the exposed
basement rocks seem to be controlled by the concealed struc-
tures of the underlying basement rocks. This may offer strong
evidence to the concept of reactivation of older structural
trends throughout successive periods of the long tectonic his-
tory of the study area.
5. Conclusions
The analysis of Landsat image and aeromagnetic data sets was
used to reveal the main tectonic features in the study area. Sta-
tistical analysis of the Landsat images in the study shows that
most of the well-developed structural lineaments have NW and
ENE, E–W and NNW trends. Visual inspection of the poten-
tial ﬁeld data, with the regional (deep-seated) and residual(near-surface) component maps indicated that the most domi-
nant trend in area is the NNW–SSE direction, which is related
to the main trend of the Gulf of Suez. The second dominant
trend is found to be in the NE–SW direction. The regional tec-
tonic framework of the studied area was established using inte-
gration of all the results of interpretation of the aeromagnetic
analyses. The interpretation of the aeromagnetic data reveals
the presence of sets NNW basic dykes running through the
main wadis for many kilometers along the contacts of metase-
diments, metavolcanics, Hammamt sediments and granites.
These sets of NNW–SSE are dissected by a NE–SW fault sys-
tem. The NW–SE and NE–SW fault systems as delineated
from Landsat image and geological map are well matched with
the aeromagnetic lineaments as obtained from the different
aeromagnetic maps.Acknowledgments
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